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Claim 

1. A w^ar resistant coated article comprising a 
densified monolithic or composite silicon nitride- based 
substrate body having an adherent refractory aluminum 
nitride coating as an outearmost layer deposited thereon • 

3. A wear resistant coated article comprising a 
densified monolithic or composite silicon nitride-based 
substrate body having an adherent refractory aluminum 
nitride coating layer deposited thereover and an outer 
adherent refractory coating layer comprising one or more 
of the carbides, nitrides and carbonitrldes of titanium, 
zirconium, hafniiim, vanadluum, niobium, tantalum, 
chromium, molybdenum and tungsten. 
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4, A wear resistant coated article comprising a 
densl£led monolithic or composite silicon nitride-based 
substrate body having an adherent refractory aluminum 
nitride coating layer deposited thereover and an outer 
adherent refractory coating layer comprising zirconia. 
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COMPLETE SPECIFICATION FOR THE INVENTION ENTITLED: 



AIN coated silicon nitride-based cutting tools 



The following statement is a full <te$cription of this inveiiticm, including tib*^ best method of 
performing it known to me/us:- 
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This — a pplication — — relat e d to — conunonly — owned 

— Australian Patent Application Serial No^ — (86-^31^075) filed 

5 — concurrently herewith by the s ame applicant* 



BACKGROUND OF THE INVENTION 
This invention relates to cutting tools, cutting tool 
inserts and wear parts. More particularly, it is con- 

10 cerned with monolithic or composite silicon nitride 
ceramic articles having an adherent re f ractory aluminum 
nitride coating deposited thereon. 

Cemented carbide materials are well known for their 
unique combination of properties of hardness, strength, 

15 and wear resistance, and have accordingly found extensive 
use in mining tool bits, metal cutting and boring tools, 
metal drawing dies, wear resistant machine parts and the 
like. It is known that the wear resistance of cemented 
carbide materials may be enhanced by the application of 

20 thin coatings of a highly wear resistant material such as 
titanium carbide or aluminum oxide. These coated carbide 
materials are finding increasing commercial utility for 
certain cutting tool, machining, and wear part applica- 
tions. 

25 Economic pressures for higher productivity, for 

example in machining applications, are placing increasing 
demands upon the performance of such coated materials. To 
achieve high productivity in machining, a tool must be 
able to cut at high speeds. At cutting speeds ^ixceeding 

30 1500 surface feet per minute (sfpm) , the high temperature 
strength and chemical inertness of a cutting tool material 
become increasingly important. The usefulness of cemented 
carbide cutting tool materials (the predominant material 
used in cutting tools) has been exteflded to applications 

35 requiring cutting speeds of about 1500 sfpm by coating 
such tools with aluminum oxide. For cutting speeds in 
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excess of 1500 sfpm, cemented carbide tools encounter 
problems associated with coating adherence, loss of 
strength, and tool nose deformation > which affect dimen- 
sional tolerance in the workpiece and contribute to 
5 shorter tool life* 

Conventional ceramic cutting tools overcome some of 
these disadvantages but have limitations relating to their 
lower impact strength and fracture toughness. This is 
especially true of many alumina-based conventional ceramic 

10 cutting tools • Silicon nitride-based ceramic cutting 
tools have significantly higher impact strength and 
fracture toughness, but can exhibit lower than desired 
chemical inertness when employed in cutting long-chipping 
metals such as steel • Improvements have been made by 

15 coating silicon nitride-based ceramic substrates with 
alumina or with carbides and/or nitrides and/or carbo-- 
nitrides of titanium, zirconium, hafnium, vanadium, 
niobium, tantalum, chromium, molybdenum, and tungsten, as 
disclosed and claimed in U»S. Patents No.s 4,406,667, 

20 4,406,668, 4,406,669, 4,406,670, 4,409,003, 4,409,004, 
4,416,670, 4,412,525, 4,412,528, 4,424,066, 4,426,209, 
4,431,431, 4,440,547, 4,441,894, and 4,449,989, all 
commonly owned with the present invention. However, it 
would be desirable to improve even further the adherence 

25 and wear resistance of these substrates. 

The present invention pro vi doc improved coated 
cutting tools and cutting tool inserts for the machining 
of metals under deiiaanding conditions of machining speed, 
temperature, or workpiece hardness. The coated articles 

30 according to the present invention/ exhibit improved 

coating adherence and wear res istancel*^ useful not only in 
cutting and machining applications but also in wear part 
applications such as for metal drawing dies* 

35 A wear resistant coated article according to the 

present invention comprises a densified monolithic or 
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composite or silicon nitride-based substrate body having 
an adherent refractory aluminum nitride coating layer 
deposited thereon as an outer layer or having said layer 
with an outer adherent refractory coating layer comprised 
5 of the carbides, nitrides or carbonitrides of titanium, 
zirconium, hafnium, vanadium, niobium, tantalum, 
chromium, or molybdenum, tungsten or combinations 
thereof, or of zirconia. 

Various embodiments of coated article in accordance 
10 with the invention will now be described by way of 

example only with reference to the accompanying drawings, 
in which: 

Figure 1 is a photomicrograph of a coated article 
according to the invention; 

15 Figures 2 and 3 are photmicrographs of coated 

articles according to the prior art and the Invention, 
respectively^ following scratch testing; and 

Figure 4 is a bar graph Illustrating the results of 
comparative machining tests. 

20 An illustrative coated cutting tool insert according 

to the present invention comprises a composite silicon 
nitride substrate including finely divided particles, 
fibers or whiskers of a hard refractory material 
uniformly distributed in a denslfied silicon nitride 

25 matrix. By the term hard refractory material is meant 
the carbides and/or nitrides and/or carbonitrides of 
titanium, zirconium, hafniim, vanadium, niobium, 
tantalum, chromium, molybdenum, and tungsten, including 
combinations and solid solutions thereof. Such 

30 substrates are described in detail in U.S. Patent No. 
4,388,085, commonly owned with the present application. 
The particles, fibers, or whiskers of the hard refractory 
material are uniformly distributed In a matrix of a first 
phase of silicon nitride grains, and a refractory second 

35 phase of silicon nitride and an effective amount of a 
densi float ion aid such as yttria, zirconia, hafnia. 
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alumina, magnesia, the lanthanlde rare earth oxides, and 
the like, and mixtures thereof. 

The average particle size of the hard refractozry 
particulate preferably ranges between about 0.5 micron to 
5 about 20 microns* The preferred aspect ratio for the 
fibers and whiskers is greater than 5? the preferred 
diameter is 1-5 microns* The carbide and/or nitride 
and/or carbonltrlde refractory material contained in the 
substrate body is about 0-60 volume percent, preferably 

10 about 15-50 volume percent, most preferably about 20-40 
volume percent of the substrate body. Also suitable as 
substrates are the silicon nitride materials described in 
above referenced Patents 4,406,668, 4,409,003, 4,431,431, 
4,440,547, and 4,449,989* 

15 In accordance with the principles of the present 

Invention, an adherent coating layer of aluminum nitride 
is deposited on the substrate body. Optionally, at least 
one hard adherent outer coating layer comprising a 
refractory material may be deposited over the aluminum 

20 nitride layer. Typical refractory materials for the 
outer coating layer include nitrides, carbides, and 
carbonit rides, of titanium, zirconium, hafnium, vanadium, 
niobium, tantalum, chromium, molybdenum, and tungsten, as 
well as zirconla and zlrconla-based composite materials. 

25 Preferred outer coatings In accordance with this aspect 
of the Invention are titanium nitride, titanium carbide, 
titanium carbonltrlde, hafnium nitride, hafnium carbide 
and hafnium carbonltrlde. Each of the aluminum nitride 
and outer coating layers is preferably of a thickness 

30 ranging between about 0.1 microns to about 20 microns, 
preferably between about 1.0 and about 10 microns. 




BNSQQQg: <^y„.,. 607805 B2 ! > 



5- 



Exemplary methods of makln? coated cutting tools ^ 
tool inserts, and vrear parts in accordance with this 
invention are given below* The methods are to be viewed 

as illustrative and are not to be viewed as limiting the 
5 scope of the invention as defined by the appended claims. 
Illustrative methods of preparing the substrate bodies of 
the invention are described in above referenced Patents 
4,431,431 and 4,441,894. The relevant portions of these 
patents are incorporated herein by reference. 

10 

COATING METHODS 
The composite substrate body described above is 
coated with an adherent alxaminum nitride coating layer, 
which optionally is then coated with a refractory material 

15 layer, both layers being deposited by chemical vapor 
deposition (CVD) techniques or physical vapor deposition 
(PVD) techniques to form the adherent coating. For 
example, the preferred coatings of altiminum nitride; 
titanium or hafnium carbide, carbonitride , or nitride 

20 are applied by CVD. Other metal carbides, carbo- 

nitrides, or nitrides are applied by CVD techniques where 
such technicjues are applicable, or by PVD techniques such 
as direct evaporation, sputtering, etc. 

Useful characteristics of the CVD method are the 

25 purity of the deposited layer and the tendency for some 
interaction between the layer being deposited and the 
substrate or intermediate layer during early stages of the 
deposition process, which leads to further improved layer 
adherency. 

30 Deposition of an AlN layer : 

An alumintm nitride layer is deposited on the silicon 
nitride-based substrate of this invention by passing a 
gaseous mixture of an altiminum halide, a gaseous nitrogen 
source such as nitrogen or ammonia, and hydrogen over the 

35 substrate layer at a temperature of about SOO'^C^ISOO^C, 
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preferably at temperatures above about lOOO'^C. A typical 
reaction is described by the following equation. (Hydro- 
gen is added to insure that the reaction takes place in a 
reducing environment.): 
5 2 AlCl^ 3 2 AIN + 6 HCl (1) 

The mixture is passed over the heated substrate until 
the desired coating thickness is achieved. Routine 
experimentation is used to determine the rate of coating 
thickness growth at a particular gaseous flow rate and 

10 temperature. Optionally, the AIN coated substrate may be 
heat treated at 1100**C-1500**C, depending on the substrate 
material, to further improve adherence through diffusion 
between the coating and the substrate. This is particu- 
larly useful following coating at low temperatures. The 

15 AIN coated cutting tool may be used without further 

coating layers, or may be coated with additional refrac- 
tory materials as described below* Fig. 1 illustrates an 
AIN coated article according to the invention, in which 
the substrate is a sintered silicon nitride. 

20 Deposition of an Ptl ^Oj out:er layer ; 

An alumina outer adherent coating layer is applied by 
CVD techniques. In one CVD technique, more fully de- 
scribed in U.S. Patent No. 3, 914, 473 r vaporized aluminum 
chloride or other halide of aluminum is passed over the 

25 AIN coated substrate together with water vapor and hydro- 
gen gas. Alternatively, the aluminum oxide is deposited 
by PVD techniques such as direct evaporation or sputter- 
ing* A typical reaction for the CVD technique is de- 
scribed by the following equation, although hydrogen gas 

30 is often added to insure that the reaction takes place in 
a reducing atmosphere: 

2 AlClj 4- 3 H^O ^ ^2^3 ^ (2) 
The AIN coated substrate bodies are heated to a 
temperature of about SOO^'C-ISOO^^C in a furnace equipped 

35 for gaseous flow. The aluminum chloride supply is pre- 
heated to vaporize the material # and the aluminum chloride 
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vapor is passed through the furnace, together with the 
other gases • The gas mixture is passed over the heated 
coated substrates until the desired coating thickness is 
achieved* Routine experimentation is used to determine 
5 the rate of coating thickness growth at a particular 
gaseous flow rate and temperature. 

Another, preferred method of coating the aluminum 
nitride coated bodies with outer adherent alumina coating 
layers, is by reacting aluminum chloride with carbon 

10 dioxide in the presence of hydrogen gas according to the 
following equation: 

2 AICI3 + 3 CO^ -f- 3 Al^O^ + 3 CO -f 6 HCl (3) 

Carbon monoxide is optionally added to the gas mixture 
passed over the heated substrate bodies or coated bodies 

15 in order to establish the desired equilibrium gas compo^ 
sition. 

Deposition of a MC or MN layer ; 

A metal carbide or metal nitride outer layer may be 
formed on the substrates of cutting tools of this inven- 

20 tion by CVD or PVD techniques • In one CVD method, the 
coating is formed by passing a gaseous mixture of metal 
chloride, either a gaseous nitrogen source such as nitro- 
gen or ammonia or a gaseous carbon source such as methane, 
and hydrogen over the substrate at a temperature of 

25 between about 800 ^'C and ISOO^'C, preferably at temperatures 
above about 1000*C» The reaction to deposit TiC or TiN 
may be described by one of the following equations: 

TiCl^ + CH^ Tic + 4 HCl (4) 
2TiCl^ 4- + 3H^ TiN + 6HC1 (5) 

30 The mixture is passed over the heated substrate until 

the desired coating thickness is achieved • An equivalent 
proportion of NH^ may substitute for the N2 in equation 
(5) * Routine experimentation is used to determine the 
rate of coating thickness growth at a particular gaseous 

35 flow rate and temperature. 
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Deposition of an M(CfN) layer ; 

The aluminum nitride coated substrate body described 
above may be coated with an outer refractory metal carbo- 
nitride coating by CVD or PVD techniques. For example, 
5 the preferred coatings of titanium carbonitride or hafnium 
carbonitride are applied by CVD« Alternatively, the 
refractory metal is deposited by chemical or physical 
vapor deposition techniques after which the metal layer is 
nitrided and carburized, 

10 For example, titanium carbonitride outer layers are 

formed on the substrates of cutting tools of this inven- 
tion in a CVD technique by passing a gaseous mixture of 
titanium tetrachloride^ a gaseous carbon source such as 
methane, a gaseous nitrogen source such as nitrogen or 

15 ammonia, and hydrogen over the substrate at a temperature 
of between about 800 °C and ISOO^C, preferably at tempera- 
tures above about 1200 **C. Dissociated ammonia may be 
substituted for a mixture of nitrogen and hydrogen gases. 
The reaction is described by the following equation, 

20 although hydrogen is often added to insure that the 
reaction takes place in a reducing environment: 

TiCl. + CH. -f Ti (C N ) ^ 4HC1 (6) 

4 4 z ^ y 

The mixture is passed over the heated substrate until 
the desired coating thickness is achieved. Routine 
25 experimentation is used to determine the rate of coating 
thickness growth at a particular gaseous flow rate and 
temperature ♦ 

Control of the amounts of methane and nitrogen in the 
gas mixture peirmit the formation of layers in which the 
30 ratio of x to y in the formula Ti (C N ) are varied. The 

^ y 

values of x and y preferably range between about 0»5 to 
about 0.6 for x and from about 0.4 to about 0.5 for y 
resulting in a preferred range of x/y ratio of from about 
1.0 to about 1,5. I^he most preferred ratio of x to y is 
35 about 1*22, corresponding to values for x an<f y of about 
0*55 and about 0*45^ respectively* 
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The following Examples illustrate the advantages 
provided by the coated substrates ^ as cutting tools ^ 
cutting tool inserts^ and wear parts, in accordance with 
the present invention, having an adherent coating of 
aluminum nitride alone or an intermediate coating of 
aluminum nitride and a refractory outer coating • 

EXAMPLE 1 

Adherence of AIN, TiC/AlN, and prior art coatings ; 

As shown in Table I below, various coatings were 
deposited by the methods described above on silicon 
nitride-based substrates. The substrates were: (A) Si^N^ 
containing yttria and alumina as sintering aids, (B) 
composite Sl^N^ including dispersed TiC particles, and (C) 
Si^N^ containing yttria and magnesia as sintering aids. 
The coatings deposited were: AIN as grown (AIN) , AIN heat 
treated as described above at 1350*»C (A1N{H.T.)), an AIN 
intermediate layer and a TiC outer layer (TiC/AlN) , and as 
controls a TiC layer alonfe (TiC) , and a titanium nitride 
intermediate layer and a TiC outer layer (TiC/TiN) , Not 
all coatings were deposited on all substrates. Table I 
shows the results of scratch tests on the coated sub- 
strates to measure coating adherence. 



TABLE I 





Adherence 


on substrate* kq 


Coating 


(A) 


(B) (C) 


AIN 


6.5 


— - 9.0 


A1N(H.T.) 


14.0 




TiC/AlN 




8.5 


Tic 


<I.O 


3.0 1.0 


TiC/TiN 


2.0 


5*5 1.5 
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These results illustrate the improved adherence of the AIN 
coating layer over TiC coatings, including those applied 
on a substrate having titanium nitride predeposited 
thereon* Further, improved adherence is shown for TiC 
5 deposited over an AIN layer on substrate (C) , illustrating 
the advantage of using AIN as an intermediate adherent 
layer. The improvement is further illustrated in Figures 
2 and 3, which are photomicrographs of coated substrates 
similar to substrate (C) , showing the coating delamination 
10 caused by the scratch test on two coatings. Figure 2 
illustrates catastrophic failure of a TiC/TiN coating, 
with extensive flaking off of the coating under a 1.0 kg 
load. Figure 3 illustrates removal of a TiC/AlN coating 
only in the path of the scratch tester at 8.5 kg load. 

15 

EXAMPLE 2 

Wear resistance of TiC/AIN, TiN/AlN, and prior art 
coatings : 

Cutting tool inserts of substrate (C) coated with 

20 TiC/AIN (two series) , titanium nitride over an AIN inter- 
mediate coat (TiN/AlN) , TiC, and TiC/TiN were tested for 
wear resistance by dry machining 4340 steel at 600 rpm at 
0.050 in depth vof cut, 0.015 in/rev feed rate for a 10 in 
axial distance. Average nose and flank wear for the 

25 inserts is illustrated in Figure 4. Nose and flank wear 
for the TiC/AIN coated inserts were about one- third or 
less of that of the TiC and TiC/TiN coated inserts, while 
that foB the TiN/AlN inserts were also low. 

A similar degree of improvement may be expected for 

30 other AIN coated silicon nitride-abased substrates. 

Depending on the machining application and the 
workpiece material, the use of an AIN layer alone or th^ 
combination of various coatings as described above can be 
tailored to enhance overall cutting tool performance. 

35 This is achieved through the aluminum nitride layer ^ which 
offers improved adherence of the coating to the substrate. 
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and comfoinatiions of the aluminum nitride layer and the 
outer layers achieving the improved adherence and improved 
structure and properties of the coatings such as hardness, 
fracture toughness, impact resistance, chemical inertness, 
5 etc. 

While there have been shown and described what are at 
present believed to be the preferred embodiments of the 
invention, it will be obvious to one skilled in the art 
that various modifications may be made therein without 
10 departing from the scope of the invention as defined by 
the appended claims. 



15 



20 



25 



30 



35 
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THE CLAIMS DEFINING THE INVENTION J^RE AS FOLLOWS:- 

1* A wear resistant coated article comprising a 
densi£iedi monolithic or composite silicon ni tride-^based 
substrate body having an adherent refractory aluminum 
nitride coating as an outeirmost layer deposited thereon « 

2* A wear resistant coated article according to claim 1 
wherein the adherent refractory aluminum nitride coating 
layer is deposited directly on the substrate body, 

3. A wear resistant coated article comprising a 
densified monolithic or composite silicon nitride-based 
substrate body having an adherent refractory aluminum 
nitride coating layer deposited thereover and an outer 
adherent refractory coating layer comprising one or more 
of the carbides, nitrides and carbonitrides of titanium^ 
zirconium, hafnium, vanadium, niobium^ tantalum. 
Chromium, molybdenum and tungsten • 

4. A wear resistant coated article comprising a 
densified monolithic or composite silicon nitride-based 
substrate body having an adherent refractory aluminum 
nitride coating layer deposited thereover and an outer 
adherent refractory coating layer comprising zirconia. 

5» A wear resistant Coated article according to any one 
of the preceding claims wherein the adherent aluminum 
nitride coating layer is of a thickness between about 0.1 
microns and aboait 20 microns. 

6. A wear resistant coated article according to Claim 3 
or Claim 4 wherein the outer adherent coating layer is of 
a thickness between about 1*0 and about 10 microns. 
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7. A wear resistant coated article according to Claim 1 
nnd substantially as hereinbefore described with 
reference to the drawings and/or examples. 

8. A wear resistant coated article according to Claim 3 
and substantially as hereinbefore described with 
reference to the drawings and/or examples. 

9. A wear resistant coated article according to Claim 4 
and substantially as hereinbefore described with 
reference to the drawings and/or examples. 



DATED this 7th day of December, 1990. 

GTE tABORATORIES INCORPORATED 
By its Patent Attorneys 
DAVIES & COLLISON 
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